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m&m i j 

[lit** 2] 

umm 5 j 

m#.m3 izmmv-i *>&mmommiz^ m^M2 Kfmommmtmmzmmytmx* 
WLfct#v?~t<Dr)vyt®.j&wz, mm, mu WLtau ztzimmKz *>m 
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#Hf 2 0 0 3 -4 0 9 3 4 4 ^—-J: \/ 

[0 0 0 1 1 
[0 0 0 2] 

W. ^ogftittt tr 7 * a - 9 <»&WBLim t o t 0 
[0 0 0 3] 

[0 0 0 4] 
[0 0 0 5] 

®mffiT*iEi&L, is»tt*»a<, <£ tmt^^if 

-2) o 

[0 0 0 6] 
[0 0 0 7] 

[0 0 0 8] 
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#12 0 0 3 -4 0 9 3 4 4 ^-y ; 2/ 

[0 0 0 9] 
[0 0 10] 

w«^*ai^#iii«rjFu^Lf r^f-ai-^o^t lt?m 

[001 1 ] 

£*Lfc«>P.g« Sfca&fc, fcjfi, (ionic liquid) tLT&ibfrLT 

[0 0 12] 

t'fiJ'^ (Science) , ^2 8 4^, 1 9 9 9^, p. 134 0 
mWWFXM2] iM^X (Science) , f2 9 7t, 2 0 0 2^, p. 983 
I^K3] J-l^hnf-S* Ti>^ (Electrochimica Acta) , i4 8t, 
2 0 0 3#, p. 2355 

[0 0 13] 

[R® ZMfc-f %> tz tb<n^®\ 
[0 0 14] 

[0015] 
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S2. A-^ytyfa-yM^/tt^t^'Jv-t^MiW^iST^ 

9 4 . ^3 KfgMo* * ytemmomrniz, m 2 Kwzmommma>mmzmmvmx~& 
a 5 . ^3 t:Et^ * ^aw©*®^ s 2 iz^m.<Dwmm-ti s ffiz.fcmmim'?& 

i t 19 «£ T * fax- *fS^o 

*>tt»#i:*y^-fc©^«jBU«»*, Sffi, BMW, fl»LfflU SfcttttffiK 

10 0 1 6] 
[0 0 17] 

^^CfflV^^^^^^M# (ionic liquid) fctt, 
[0 0 18] 

[0 0 19] 

*»K^^v»-Cfflv»e,*L4»jt3a:W ^tiifcfcfc LT«U TIBO— flfc* (I) ~ (IV) 
-?$tt>ZtL&U?-*> ($J£L<{±. ^^/■J'JA^V) T-*> (X") J: 0 
j£ & CO & i fc ^"C § & o 

[0 0 2 0] 




I 

R 

[NRIHl-,] + (III) 

[PRxH 4 -x] + (IV) 

±IBO^: (I) ~ (IV) K&^Xs Rl±8k%®.l ~ 1 2<DT)V*fr&t tzlt^-rfrffi 
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*j#H 2003-409344 V I 4/ 

-e-*#*ft*fcBfc*0'frti-ft3& , 3-'i 2©7;^;i/i^L, 5£ (I) Ci^tRMift 
Xftl ~4<7)T^^r;v^t^li7X^ : f-^^-ro * (I) fc#v»T. Rt RMiPd— Cii 
^V^t^tLK ^ (III) fcitf (IV) fc:fcv»T, xlt^tirtil ~4©g$rC& 

[0 0 2 2] 

7-*> (X - ) t LTii > f^vwo^^glT-tv^ ^^r-9-7;w^-n 'J >^7 

»7-t>, y^>7>75K7-t>, fV7WoS|S7-t^, tl*^#>f7- 
[0 0 2 3] 

-e-osaf^flijssfc^^w^^^a-r (swnt) 

;f (MWNT) ttz, ^7 7x>y->Oijt^lV^^*>f7 

[0 0 2 4] 

7?ftlf=y ■f>-^t7;vtn7 , n ^V^**** [PVDF (HFP) ] , sH'J7 
y-ffctf-y-f^ (PVDF) . /<-7^nxwv| (Naf i on, ^-7^^» % 
2-tKn^'>xf;^;?7'Jl/-h (HEMA) , >K'J>f ^^'J I/- b (PMM 
A) . ^'Jxf-yyt^yK (PEO) ^ #'J7^'Jnzf ijjv (PAN) 

[0 0 2 5] 

*»W07^fai-^5H?©-«OilS (iff®) ©W^, HlC^t, HI© (A 

) wu vttttt j v- tcmiii^^^^ t i ^> 

y'fa-T't'f* # U v - t <DY)vymmtb)fr htz%> WSM 2 , 2 "Cife 3 
Iij|W7^f iX-^S^i^to 1812, 2WU ffisi-«i(R«®t=^$*frv>* 
.IIO(B) M<&OTH£$tt*Ji1-;fcie>fc, li€2, 2 i: ? ?> till 

3, zi)m^fitzsmmm.<DT^i-^^~^m^^o 

[0 0 2 6] 

v-fc*»e>** 0 *f-a.--zrh4 *'yWto&K-X> 

o 

[0 0 2 7] 

y^a-^C^^^Sr^Jt^iiit-J: *)^jK1-4 0 fa-^E 
^tJ^tt, *-%^t^fa-7 , /y;v=i~4 0li%^4«U<, fc-sK^ 
irj^a.-"f/y^- 5 ~2 0il%-e^^(O^J: OEFi Lv> 0 *-^>t^f-a-7*i: 

[0 0 2 8] 

itim%?2 004-3123104 



#M 2003-409344 



5/ 



^ifc (MJfc) fi, ^:#'Jt-=i : 2-4 : ^;v:*'jv 
-=1:1-2: l x&ZO&X «9«f * Lv» 0 iOB5^o^t'«. 

[0 0 2 9] 

*°vv-=i : 2-4 : in*oWiL<, * y&fcfc : #y v-= i : l - 2 : 

1 -?$>2><7)tf£ Lv^o £©E£-4>R*KHU 4 - ^ -f-Zl"* > ? > - 2 - * £fO?# 

[0 0 3 0] 

[0 0 3 1 ] 

:*>fc*Jf 1 coff^ i3<tU f ^»2«DJ¥^fi, ^-tL-etL. 1 0 - 5 0 0 ^m-e*)^ 
[0 0 3 2] 

ft£JR«OSte-#*J: >9$f t LV>„ iII3«WStt, 10-50 nmt*40#jfi Lv> 

o 

[0 0 3 3] 

Z.<DX7lzLXftbfLfcT*'?'*x.-?f&=f-te* MWIfcO. 5 - 3 V©ifcilE«JE&:8n 
[0 0 3 4] 

2 , 2 KmtiL&#frfr & mum 2 , 2 &<d* 
it-^cioT, m«/i2, 2 7&*#*ii-*^4e)-C2bSo H2i:^tj:?e, -/^xMuiffi 

WaTO^ii:t> <fflv»fc*L<&>f (4, *^^->4co-f 

[0 0 3 5] 

* <f > y£- ysxwA** < & *) , ij » - ■/om$c#is«i****s&n5Riffl $ 

[0 0 3 6] 
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[0 0 3 7] 
[0 0 3 8] 

i±s S** 1 mragl^'f * 1 <OU y KOJiHfc 4 $©111 2 =^^E Lfc & <DT? 

[3*38 
[0 0 3 9] 

[0 0 4 0] 
[0 0 4 1] 



7 5"fkkT-U •r>-^dr^7;W^n7 P n [PVDF (HF 

p) ] tm^tzo 

[0 0 4 3] 
[0 0 4 4] 



yf;vSt7-t>X"^t7^tn^7x - h (PFe") (MT, BMIP 

5 K [ (CF3SO2) 2NI <^?^ (jy.T> EMITFSlHv^) N ^i^R**^^ 



[0 0 4 2] 

Mb 31 



-^CHZ-CFZ^FZ-CF)^ 
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^-v*: 7/ 



it7-t>X-#f b77^tn**l/-h (BF 4 -) com (JBUT, BMIBF 4 i:t</>7 

) zm^tzo 

[0 0 4 5] 

r^ny- • r/3-#Wf-> KttS TH i Pc oj ) (MT, SWNTHv^) 
[0 0 4 6] 

«i:lv^;ilii, 4 >- 2 -*y (MT, MPtiv>-5) x~&£ 

o 

[0 0 4 7] 

l*-* , >tyfa-^pH=10^Tr i tonX-10 0 7jti§?& (0. 5#J:%) 

®^$ti£$-§f+T-2l«, M^££^tT;frffe£-£7t (0. 6mg/m 1 ) o 
^ifci£5 Oml^ ^'Jf b v 7;i/tnxf>^ (PTFE) ^ ^ - ^fflv>TEK?i^> 

1 c m^JKT-m^-AmT-e&o^o 
[0 0 4 8] 

ipll mmX*$ 1 5mmO»4>tH-eo|ffL, HI 5 ^75^ J: ? 3g 3 mm<DUfr*W.mtt 

[0 0 4 9] 

»1$ll 

MJ-y&WLfa (BMIPFe) ©PVDF (HFP) r*b^ H C-f * >ttifc(fctf>* - 

(1) ^m*--#yir;*f-a---? (SWNT) fc BM I P F 6 <DYfr(DmWk I 
SWNT (28mg) tBMIPFe (5 0 9mg) itl5^i^W, SWN 

[0 0 5 0] 

(2) ^ft>ti»PVDF (HFP) ^V£SWNT^t?^/i3J!m^<7>r;V 
KoflUR : 

±12 (1) -efi^L^SWNTW (7 3mg) „ [PVDF (HFP) ] ( 

7 1mg) fcitfMP (0. 8ml) 7 0-8 OtTlDlI^U, 1 if 1 (m^Jl 
) t3fg (III) 4r#*-r*y/W^fclft^»«rWKLfco *©IHJK3fet> 2 « g (>f*> 
feSH) SrfllJSft-tSy^^tjiajftttrt. BMIPFe (70mg) , PVDF (HFP) ( 
7 0mg) *5«t^MP (0. 4ml) 7 0-8 OTOOil^LtltL^o li§ 

[0 0 5 1 ] 

(3) 3JW»567-f ^AOiSftttofMlii : 

• -P. O^«L«JE*Jnx.fcfc#<0. SJttoHT 
MO rVo 1 tag e/Vj & rmJE/Vj Sri8:l*U rCu r r e n t/mA 
J fi Tm»tL/mAj **I*U TDisplacemen t/mmj (4 r^fc/mmj * 
o ffim<7> TTime/secJ {4 rB#P B 1/#J *lS:tiftZ> 0 3>7*>^- 

ffiSE# 2004-3123104 



#12 0 0 3-4 0 9 3 4 4 ^-v* : 8/ 

3 0 MOJ£^t* 0 „ l5t^Jfr£J±g?<fkL-CV>&v> 0 ^^W*fflv>/; 
r^fai-^m 3 Ofrfcifefi-t* ^tM^I&U Jfr£tt^£<&& 

o o o nui^Ji^^Kii/^^^ku^^o^o H8»4, 4Vp. -p. <D^^w.mj±<7)m 

®ML*-%t7Ltit*<D, %m.l&Q*7F-fo ±frh, 0. 1Hz, 1Hz, 2Hz, 4Hzt 
[0 0 5 2] 

Sli:, UDx.^0. 1 H z^^tlEOlEt (If-* • y- • fcf-*, peak 
to peak) fc*<&B#«)fS«F8Eifc* • • tf-*) *ar*- 0 

[0 0 5 3] 

WEE (V) 3 4 5 

It (mm) 0.33 0.41 0.54 o 
[0 0 5 4] 

[-f (EMITFSI) OPVDF (HFP) y^fc, |W| C>f * # 

(1) fS*-r/t^fa-7 (SWNT) tEMITFSI©fJV©lI: 
SWNT (21mg) fcEMI TFS I (86mg) £ 1 5 fl-fSM 0 SWN 

T£2 0M%3'tf$'/i'*fI«Lfco 
[0 0 5 5] 

(2) >ft>tt»PVDF (HFP) ^;v£SWNT^^^£3Jf ^to^* 
n) fc3»B (mmm) tu, ±ia (l) tUSUSWNT^ (10 5mg) . 

#'Jv- [PVDF (HFP) ] (54mg) (1. 0ml) ZW.<£rLtz 0 -t 

OKK&tr 2JSB (>f *>fcmm) t Lt, EMITFSI (160m g), PVDF ( 
HFP) (8 0mg) ^.tOTVEP (0. 7ml) *K£-Lfc 0 
[0 0 5 6] 

(3) 5JMIJt7-f ^AOf^ft: 

±IB (2) •c^S!IL^3l|flw^7'f^A(c: > it-#-y<rs ^-a-^wc- (S 
[0 0 5 7] 

(4) 5««at7-f : 

£4 ttOfFIIi» 1 t lit LTfirc /; 0 H 9 H\ 0. 1Hz. 4Vp. -p. <D 
tt&%Lmm*lJQz.?zt&<D. ±^<b. WEE, -£<7}fc #»£tL5tW^ JEttOHT***. 
mi tm%k<DlB&-? MM, %ZfiL1fc&bi>, %ffiffl 1 X •) lU^i:^lv> 0 £tui 

, *->i?>f->'^a-r^-^-^aicWtt**^iv^a6t?abafc#x.fetL*o ifcHlO 
14, 4Vp. -p. ©#JBifcWffi©JS«»* i<7), 3Bffije«P*^-To 7£_L«9Af4 

0. 1Hz, £T<7?Bfi 1 H z, *±©Cli2Hz, ^T<0Dli5Hzt*^„ ZLitfrb 

[0 0 5 8] 

(fc?-* • y- • tf-*) *$f 0 
[0 0 5 9] 
[i£2] 

W.EE (V) 2 3 _4 5 
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SEtt (mm) 0.63 0.78 1.20 1.50 o 
[0 0 6 01 
*IM3 

(1) wm*~^yf ^ ^^--^ (swnt) t-f (bmibf4) 

SWNT (4 1mg) fcBMI B F4 (164mg) b £ 1 5 53*1151* <9 ^=b-£> SWN 
T£2 0fi4%^tfr^^P^L7^o 
[0 0 6 1] 

(2) (MM) 

2&xxf4mu mum) ;±.m (D xmmLtz swnt (i2 9m g ) , #w 

- [PVDF (HFP) ] (65mg) ^i^MP (1. 5ml) 

3JBB (-f^^feiSUB) ;BMIBF 4 (14 9mg) , ^'Jv- [PVDF (HFP) 

] (75mg) ^ilCMP (0. 7ml) 

[0 0 6 2] 

( 3 ) 5 Jf #ii 7>t;va <&*B«Pte# «t tn& AttoffFflB : 
JS#te<&Mi«t|S;&fcfll 1 fcRHfcfcLTfrofco Bllli, 0. 1 H zO^afemBESriP 

*.fcfc§<^ ^J^m-it, 3&y!l5&*3Bfi[OBI-e*)4o ±tf»fc, 2Vp. -p. o^^mm 
*Jnx.^:fc*OtD«F, 3Vp. -p. ©#JBMJBE*in*.fcfciS*>J&ISr, 4Vp. -p. 
©^«t«BE«r*Dx.fefc§©(B^ 5Vp. -p. <D^MWLmE.*Hak.tz t # OJS^. 6 
Vp. -p. o;£»mffi£*D;L^t§^j£^£^1-o fSS^^J:^ 
1&<&*K »TO<^o-Cv^WI?^^, 0. 1Hz, 4Vp. -p. (Olzim. 

mm* 2 iftfflWMLmv, HAte**!^*:****. hi 2K^t, mi 2tt mfcz-hu 
ktzk%Kmtifznmtfc&m&<D\z-'? • v- • «jEE**»»tnti6"c^e> 

O^FK^ML.TT'n y h L£k?)-T?£>& 0 0*<Z> rCurrentJ tt Tm^J fcSBfcl, 
> [Di sp 1 acementj li T^f4J £5§;i*1-&o 03&»fc> Wiftttfr-fj^fc/hS < 

SfctL&o twi^c, *-#>^-y ^-^-^-fcyi^^g^Lfc^dfcm fcjt 

[0 0 6 3] 

X~* • V - ■ Ztf-To 
[0 0 6 4] 
[*3] 

mg (V) 2 3 4 5 6 

MIL (mm) 0.43 0.70 0.99 1.25 1.60 o 
[0 0 6 5] 

ll?:ML/;5l«£7^^ (fttfl-b) . 3 Ji#ji7 ^ /PA * h fcjfc 

(1) Jpjf (swnt) >f * ^ftat-i*: (bmibf4) «^>y;v 

<r>M9k : 

SWNT (6 3mg) iBMI BF4 (2 4 5mg) t £ 1 5 frW** >9 SWN 
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T£2 lli%^tfyj^HlLf;o 
[0 0 6 6] 

(2) mm) mK£&&m: 
nst&3mB (mum) ;±e (i) ti»LfcswNT^ deomg) % 

- [PVDF (HFP) ] (80mg) iJitrMP (1. 5ml) 

2Jf@ ;BMIBF 4 (163mg) „ #'Jv- [PVDF (HFP) 

] (8 2mg) jSZTTMP (0. 6ml) 

[0 0 6 7] 

(1) mjf ^--7* (SWNT) fc-f *>"IM# (BMI TF S I) 

/kbW« : 

SWNT (65mg) hEMITFS I (2 4 6mg) ^15^^M, SW 
NT £2 1 «fi%-g-tr^;V *P»L/S 0 
[0 0 6 8] 

(2) («) tfcfc 

liJJrtKSJBS («M) ; ±lfi (1) til L/c SWNT Vfr (I6 3mg) . *W 

- [PVDF (HFP) ] (82mg) ^il^MP (1. 2ml) 

2M a (^*WS*JI) ;EMITFSI (16 1mg) , #'J^- [PVDF (HFP 
) ] (8 0mg) & XT/UP (0. 6ml) 

[0 0 6 9] 

(3) 5mm&-7-( frAoftn : 

lp & * o tt (££ttrotRflttttttSU8 ^-^Ti/Vtttffl, 2 0mA -ejtMft 2 0 
53-) o 

[0 0 7 0] 

7-f ;va] 

(1) 5iiil7^ "^AOf^« : 

K-*>fhXC-32j) * b;vi^-e«L7c^co^^-/v-T^§#tt-c^$^. 
[0 0 7 1 ] 

±f2-e#^tL/tt^a, b, cKO. 1H zO^«L*JE*lnix./il*0 % initfe«£Effi 

•to 

[0 0 7 2] 

[«4] 

mJE (V) 2 3 4 5 6 

SEft (mm) a 0.17 0.32 0.63 1.00 1.10 
b 0.46 0.78 1.18 1.81 2.1 2 
c 0.30 0.50 0.95 1.50 1.86 0 

[0 0 7 3] 

[mu mi (a) a, *%>w<DT?^3.x.-?m=?- ommm.) <D~m<Dm$wm. 
v&tm-rm-e&t), mi (b) ^©r^f-ax-^ (5mm&) <o-m 
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[HI 3] ^^<^7^^i^-^^0'ftfe<^^J<7)^lil& : S:^-t-[ll-e*>'2)o 

tins] m.$Lmfc%iW.<vimfe*7F-tm-?$)Z> 0 

me] mmn 1 <o 3 mmiky ^ ^^<o^^mi-mx^ ^> 0 

[El 7] Hi 1 (7)3^^7^ ;v a <aj&^1££^1-|H-c£ & Q 
[m 9 ] 2^5H«5t7'f;vAo js^tt £ ^ -r h -c * £ o 

[Hil 1] !y&fll3 0 5£#ig-7-f ^AOfS^tt'Sr^-rEI-e^-So 
[0 0 7 4] 

1 * WsS® 

2 tt&v 

3 ^mjf 

5 -T ^^ttffi^r-^v 
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[me] 
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Time/sec 




Time/sec 

(SWNTgei+BMIPF6gel)a>=.Jl^^^^AlwO. 1 HztolS 
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Time/sec 
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Time/sec 



O.00 
g -0.05 

© -0.15 
g -0.20 
U-0.25 
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if p 3Mj 














ft r^vv, * 
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O. 1Hz 



v : 



t,. ..... 




Time/sec 



0.12 
E 0.10 
^ 0.08 
| 0.06 
-| 0.04 
Q 0.02 

0.00 



0.12 
E 0.10 
^ 0.08 

| 0 06 
| 0.04 

Q 0.02 

0.00 



0.14 
£ 0.12 

I 0.08 



1Hz 















^'""ji^.^VH 1 .-.' 
























us 




* r: 

















2 3 
Time/sec 



2Hz 







'TO 










v 'if feV- ) 




[mm 
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